Objectives To determine the viral cause of laryngeal croup by use of highly sensitive methods, and including recently recognized viruses in the analysis.
for children in an area with a population of 1 million people. All children who were evaluated at the emergency department with inspiratory stridor and barking cough or hoarse voice were considered to have a laryngeal infection and were enrolled into the study. Season-and age-matched individuals who had wheezing without laryngeal symptoms were selected as the control group.
Ethical approval was obtained from the local Research Ethics committee of Helsinki University Central Hospital. After receiving informed written consent from the parents, a sample of nasopharyngeal mucus was taken via the nostril with a swab (Spectrum Laboratories Inc., Dallas, Texas). The swab was soaked in phosphate-buffered saline solution 0.5 mL in a 2-mL Eppendorf tube, frozen immediately, and stored at Ϫ70°C until analyzed. DNA and RNA were later eluted from phosphate-buffered saline solution by QIAamp DNA and RNA Mini Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instruction.
Detection of Microbes

RHINOVIRUSES AND ENTEROVIRUSES.
A multiplex reversetranscription PCR-hybridization assay for rhinovirus and enterovirus was carried out in 96-well plates as described previously. [10] [11] [12] The primers targeted highly conserved sequences in the 5= noncoding region shared by rhinoviruses and enteroviruses. 10 Extracted RNA was reverse-transcribed into cDNA by incubating 5 L in a total volume of 40 L with the antisense primer. After RT reaction the cDNA 5 L was subjected to PCR in 96-well plates with the antisense primer and biotinylated sense primer.
Liquid-phase hybridization assay with lanthanide labeled oligonucleotide probes was done as described previously 11 by applying 10 L of amplified PCR products to the wells of streptavidin-coated microtiter plates and denaturing in 50 mmol/L NaOH. After washing away the detached DNA strand, hybridization with 2 lanthanide probes (Europium for rhinoviruses, Samarium for enteroviruses, Wallac Oy, Turku, Finland), was allowed to take place at 37°C for 30 minutes in Tris-HCl (pH 7.5) 40 mmol/L supplemented with 10 mmol/L ethylenediamine tetraacetic acid in NaCl 1.5 mol/L. Quantification of lanthanide fluorescence was done in a timeresolved manner. Previous work with prototype strains of human rhinoviruses and human enteroviruses 11 revealed that although use of these 2 probes provides optimal capture of the vast number of serotypes in both genera of viruses, it is not always possible to permit unequivocal separation of the 2 groups. Therefore, in the following text, positive hybridization result with both probes is referred to as the presence of rhinovirus.
CORONAVIRUSES. RT-PCR was performed with a primer pair that amplifies a 251 bp fragment of the polymerase gene that is well conserved between coronavirus 229E, coronavirus OC43, coronavirus NL-63, and the SARS-coronavirus. 13 The amplified product was detected by electrophoresis in 2% agarose gels after ethidium bromide staining. SARS-corona-virus RNA (Frankfurt-1 strain) was included as a positive control in each run. Only samples showing a distinct band of the expected size without any other fragments occurring in the lane were considered positive.
INFLUENZA VIRUSES, RSV, AND PARAINFLUENZA VIRUSES. Viral RNA was reverse transcribed into cDNA with random hexamer primers (Roche, Mannheim, Germany) and Superscript III reverse transcriptase enzyme (Invitrogen, Carlsbad, Calif) following the manufacturer's procedures. For the detection of influenza A and B viruses and RSV, cDNA was amplified in a real-time multiplex PCR 9 with minor modifications. In the case of PIV 1, 2, and 3, cDNA was also amplified in a real-time multiplex PCR. 9 HUMAN BOCAVIRUS. A fragment of the NS1 gene was amplified by a conventional PCR, as described, 14 except with an annealing temperature of 58°C and 40 cycles. All DNA preparations were tested both undiluted and in a dilution of 1:10 for excluding possible inhibitory factors. All results were confirmed by Southern hybridization, with a digoxigeninlabeled probe. HUMAN METAPNEUMOVIRUS. Viral RNA was amplified in a 1-step real-time RT-PCR. 15 Qiagen Onestep RT-PCR kit (Qiagen, Hilden, Germany) was used in the assay and RT-PCR amplification was performed with the following conditions: incubation for 30 minutes at 50°C for reverse transcription, followed by reverse transcriptase enzyme inactivation and DNA polymerase enzyme activation step at 95°C for 15 minutes, followed by 50 PCR cycles consisting of denaturation for 30 seconds at 95°C and annealing and primer extension for 60 seconds at 60°C.
ADENOVIRUSES.
Adenoviruses were detected by use of the degenerate primers designed for the amplification of all known adenoviral species. 16 Viral DNA was amplified in a real-time PCR with Qiagen Quantitect SYBR Green PCR kit (Qiagen GmbH, Hilden, Germany), following the manufacturer's instructions. After an initial DNA polymerase activation step for 15 minutes, 45 PCR cycles were performed. Each cycle consisted of denaturation for 15 seconds at 94°C, primer annealing for 30 seconds at 55°C and extension for 30 seconds at 72°C. MYCOPLASMA PNEUMONIAE. M. pneumoniae was detected by use of a conventional PCR method combined with liquid hybridization assay. 17 In this study, the cutoff value of the hybridization assay was determined to be twice the average optical density value of the negative controls.
The patient records were reviewed and the data were analyzed by the SPSS statistical software (SPSS, Chicago, Ill). Significance of differences between mean values was tested by t testing, and ordinal measurements by 2 test. P value Ͻ.05 was considered statistically significant.
RESULTS
Two hundred twenty children were evaluated in the emergency departments and enrolled into this study. A total of 144 children with inspiratory stridor and barking cough or hoarse voice formed the study group of croup children. Seventy-six control subjects had expiratory dyspnea caused by wheezing. There was no difference in sex, but the children with croup were younger than the control subjects (1.5 vs 1.9 years; t test P Ͻ .05). Children in both groups had elevated temperature at enrollment. In the emergency department, corticosteroid (Prednisolone, Leiras, Finland) was administered to 88% and inhaled racemic epinephrine (microNEFRIN, Bird comp. Palm Springs, Calif) to 87% of children with croup (Table I) .
Overall 77% of the samples were found positive by PCR. The children with croup tested positive in 80% of the cases, the children with wheezing in 71% of the cases. The number of dual virus genomes in a single sample was as frequent among subjects with croup or wheezing (Table II) .
For most of the tested viruses a seasonal difference was observed ( Figure) . Rhinovirus and enterovirus genome was found more often in samples taken during the fall (September through November; 2 P Ͻ .01), influenza A and RSV were found in samples taken during the winter (December through February; 2 P Ͻ .01), and PIV was found in samples taken during the winter and spring (December through May; 2 P Ͻ .001).
The croup cases appeared in 2 peaks; one from October through January and the other from March through April. During October and November, rhinovirus and enterovirus genomes predominated (Figure, B) . Overall, 40% of the samples taken during that period were positive for rhinovirus and enterovirus. This accounts for half of all rhinovirus-and enterovirus-positive cases of croup during the study period. During December, January, and February, several different viruses were associated with the disease. In March, April, and May, PIV was present in more than half of the croup cases (Figure, B) .
During the study year, PIV types 1 to 3 genomes were detected in 41% of the children with croup (Table III) , compared with children with wheezing; children with croup had significantly more infections with PIV 1 ( 2 , P Ͻ .001) and PIV 2 (P Ͻ .05). For PIV 3 the observed trend was not statistically significant. Children with wheezing more often had RSV detected than children with croup (28% vs 15%; 2 , P Ͻ .001). Only 2 children tested positive for human metapneumovirus, both of whom had bronchitis (Table III) .
Rhinovirus and enterovirus genome was found as often in the nasopharynx of children with croup (30/144) as in those with wheezing (19/76). This holds true for the whole year, as well as for late fall. In October and November, 39% of children with croup and 40% of children with wheezing harbored rhinovirus and enterovirus genome. Among children with croup, half of all rhinovirus-and enterovirus-positive findings appeared during these 2 months; the rest were evenly scattered throughout the year.
Overall, 22% of children with croup and 16% with wheezing harbored more than just 1 pathogen (Table II) . Rhinovirus and enterovirus often were found in dual infections. In half (croup 46%, wheezing 57%) of the rhinovirusand enterovirus-positive samples, no other virus was detected. Thus, rhinovirus and enterovirus genome was the only positive finding in 11% of children with croup and in 15% of children with wheezing (difference not statistically significant).
HBoV appeared equally frequently in both groups (Table  III) . HBoV tended to be found more often in summer and fall than in winter (Figure) . HBoV was frequently found in addition to other pathogens. Children with croup harbored bocavirus in 18 of 144 cases, but it was the sole pathogen in only 5 cases. HBoV was detected in 8 of 76 cases of bronchiolitis but was the sole pathogen in only 4 cases. Of the 35% of children with croup who were hospitalized, virus detected in the nasopharynx did not correlate with frequency of hospitalization.
DISCUSSION
In this study, 80% of the children with croup had a common respiratory virus genome in their nasopharynx, as determined by PCR assays. This figure is higher than those found by less sensitive methods. Denny et al 6 studied 951 children with croup and found 360 (34%) virus-positive children by use of virus culture. PIV accounted for about 65% of the positive cases. Thus about 21% of their children with croup had culture-positive PIV type 1 to 3 findings, and RSV was the second most common virus, accounting for about 4% of the culture-positive cases of croup.
In this study, PIV types 1 to 3 were detected in 41% of the children with croup. This is in accordance with earlier reports and confirms the fact that one third of croup cases are caused by PIV. 7 We detected PIV in children with croup more frequently in late spring than during any other season. This finding mirrors reported PIV activity in Finland during the spring of 2004 18 but is at variance with some earlier studies from the United States where PVI 1 infection has been reported to occur in fall. 19, 20 Our control subjects with acute wheezing illnesses significantly less often had PIV infections and significantly more often had RSV infections than those with croup. For other virus-positive findings, the groups were similar.
In this study, rhinoviruses could not always be separated from enteroviruses. This was due to the cross-reactivity in the probes used. The close genetic relationship is being recognized also by the taxonomists, and reclassification of enteroviruses and rhinoviruses in a single genus is taking place. In the present study, a virus identification that tested positive for both probes was considered to be rhinovirus.
Rhinoviruses and enteroviruses were the second most common finding among children with croup and bronchitis. The result is similar to that found in bronchiolitis [1] [2] [3] [4] [5] but considerably more than that reported earlier 6 for acute laryngeal croup. In this study, rhinovirus and enterovirus was the sole positive finding in half of the cases. This likely reflects the real epidemiologic condition and also the fact that modern PCR techniques enhance the detection of rhinoviruses and enteroviruses. However, the diagnostic significance of rhinovirus and enterovirus genome in the nasopharynx of children remains unclear. It has been shown 21 that rhinovirus and enterovirus is a common finding in the nasopharynx, especially in the fall. It is often associated with a brief illness 21, 22 but is equally often present in the absence of respiratory symptoms. 22 The prevalence of rhinovirus and enterovirus genome in this study is quite similar to that reported by Winther et al 21 and resembles the result obtained from children with recurrent middle ear infections. 23 This warrants more studies to determine the specific role of rhinoviruses and enteroviruses in lower respiratory infections.
Human bocavirus was found in nasopharyngeal aspirates when searching for new viruses by random PCR amplification. 24 It has been shown to be one of the most common viruses in respiratory secretions, with a prevalence of 3% to 19%. It typically is found in children hospitalized for lower respiratory tract diseases, and healthy children and adults are generally HBoV-PCR negative. 25 This study shows a fairly equal prevalence of HBoV in both groups, and the results are in line with those reported earlier for bronchiolitis. In our study, HBoV-positive specimens frequently were positive for another potential pathogen. This is also in accordance with studies among children with lower respiratory tract infections. 5, 26 Acute laryngeal croup in childhood is associated with several different virus types. Analyzed with PCR method, nasopharyngeal swabs from this patient group contained pathogens in 8 of 10 cases. Several viruses were involved, with PIV 1-3, rhinoviruses and enteroviruses, RSV, HBoV, and influenza A virus being the most common ones. In comparison with age-and season-matched control subjects with acute wheezing illnesses, PIV 1 and 2 predominated in children with croup, and RSV was less frequently present. The rest of the nasopharyngeal viral genome detections were similar in both groups. A clear seasonal predilection for most of the tested virus genomes was present.
